Methods for evaluating risk of biodiversity loss are linked closely to decisions about species' conservation status, which in turn depend on data documenting species' distributions, population status, and natural history. In Brazil, the scientific community and government have differing points of view regarding which plant species have insufficient data to be accorded a formal threat category, with the official list of threatened flora published by the Brazilian Ministry of Environment listing many fewer species as Data Deficient than a broader list prepared by a large, knowledgeable group of taxonomists. This paper aims to evaluate, using diverse analyses, whether ''Digital Accessible Knowledge'' is genuinely lacking or insufficient for basic characterization of distributions for 934 angiosperm species classified as Data Deficient on Brazil's official list. Analyses were based on large-scale databases of information associated with herbarium specimens, as part of the speciesLink network. Evaluating these species in terms of completeness of geographic range knowledge accumulated through time, our results show that at least 40.9% of species listed as Data Deficient do not appear genuinely to be particularly lacking in data, but rather may be knowledge-deficient: data exist that can provide rich information about the species, but such data remain unanalyzed and dormant for conservation decision-making. Such approaches may be useful in identifying cases in which data are genuinely lacking regarding conservation status of species, as well as in moving species out of Data Deficient categories and into appropriate threat status classifications.
Introduction
Methods for evaluating biodiversity loss are linked closely to species conservation status decisions (Norris, 2012) . To define conservation status, information about species' distributions, population status, and natural history is required. In Brazil, no consensus exists about optimal approaches to conservation status decisions for plant species. In particular, the scientific community and government have sharply contrasting points of view regarding which species are best classed as under some category of threat versus which should be considered Data Deficient.
A group of 300 scientists convened by the Biodiversitas Foundation (2005) , in an effort to improve lists of threatened plant species (Scarano and Martinelli, 2010) , analyzed 5212 species, classifying 1495 of them into five IUCN threat categories ( IUCN Standards and Petitions Subcommittee, 2011) and 2513 as Data Deficient. However, after the Biodiversitas/IUCN list was submitted to the government, a substantially different list (the current ''Official List of Threatened Brazilian Plants'') was published by the Brazilian Ministry of Environment (MMA, 2008) , which divided species among only two categories: Endangered or Data Deficient (Fig. 1) . The Endangered list comprised 472 species, whereas the Data Deficient list included 1079 species, from which 934 were angiosperms. Most species on the Data Deficient list of the Ministry of Environment (hereafter referred to as ''MMA'') had been classed as Vulnerable, Endangered, or Critically Endangered on the Biodiversitas/IUCN list (Fig. 1) .
According to IUCN guidelines, a species is designated as Data Deficient when data on its abundance and distribution are insufficient or lacking (IUCN Standards and Petitions Subcommittee, 2011) : ''a taxon is Data Deficient when there is inadequate information to make a direct, or indirect, assessment of its risk of extinction based on its distribution and/or population status.'' Hence, Data Deficient is not a category of threat; rather, it indicates that further research is necessary, not discarding the possibility that the species will turn out to be best considered as threatened (Butchart and Bird, 2010; Celep et al., 2010) . Specific reasons for moving species classified as Vulnerable, Endangered, or Critically Endangered by Biodiversitas using IUCN criteria (Biodiversitas Foundation, 2005) to Data Deficient were not disclosed (MMA, 2008) .
However, our preliminary review suggests that, in fact, considerable basic data exist for many angiosperms listed as Data Deficient. This rapid review was achieved using Lacunas (Canhos et al., submitted) , a data infrastructure developed by the Centro de Referência em Informação Ambiental (CRIA), fed with data from Brazil's Virtual Herbarium, which in turn is fed by the speciesLink network (CRIA, 2012) . Currently, the Virtual Herbarium includes data on 91.4% of all Brazilian plant species, with 2,434,933 georeferenced records of angiosperms. Increasing amounts of primary biodiversity data are becoming available every year, such that what has been termed ''Digital Accessible Knowledge'' (DAK) is reaching critical mass for biodiversity in Brazil, making possible many novel, synthetic analyses that were heretofore impossible (Sousa-Baena et al., in press ).
The use of diverse and novel analyses of primary biodiversity data to assess biodiversity threat and loss has considerable promise-for instance, linking primary biodiversity data with climate data and land-cover data can offer estimates of distributional area loss even in absence of actual monitoring data (Soberón and Peterson, 2009 ). Inventory statistics can offer useful information about data quality and status of knowledge (Colwell and Coddington, 1994) . Ecological niche modeling can allow characterization of geographic distributions and evaluation of extinction risk for poorly-sampled species (e.g., Peterson et al., 2006; Siqueira et al., 2009) . This technique can also be used for projecting potential population losses or gains though time and with environmental change (Peterson et al., 2006; Soberón and Peterson, 2009) . As a consequence, opportunities for insightful views of biodiversity status are increasingly available.
The objective of this study, then, was to examine how much DAK exists for angiosperm species classified as Data Deficient in the Official List of Threatened Brazilian Plants, using openly available primary biodiversity data and diverse analytical approaches. Specifically, we base a subjective assessment of available knowledge on (1) a novel approach to inventory completeness statistics to assess completeness of knowledge of species' geographic distributions, (2) calculations of time since last record of each species, and (3) quality of preliminary ecological niche models based on known occurrences of each species. We do not set out to assign conservation status designations to species, nor do our assessments speak fully to all dimensions of Data Deficient designations, but rather we assess whether DAK exists and holds significant information for each species. The result is a view of the potential for improving knowledge about the conservation status of Brazilian plants via analysis of available data, balanced against the need for further study.
Methods

Input data
The analyses developed herein were based on large-scale databases of information associated with herbarium specimens as part of the speciesLink network (CRIA, 2012) . We based our analyses on data available as of May 2012, at which point speciesLink provided access to data from 87 (presently 97) herbarium collections, including 83 from Brazil, plus the collections of the New York Botanical Garden, Muséum National d'Histoire Naturelle of Paris, U.S. National Museum of Natural History, and Missouri Botanical Garden (see list in Acknowledgements; data from Field Museum of Natural History are now also included in the network). We constrained queries to records with associated latitude-longitude coordinates (derived either from the original record or from centroids of the county) that were fully consistent (i.e., falling in the correct county, see below).
SpeciesLink has incorporated advanced data-cleaning tools that examine data for likely erroneous records, helping to improve data quality by detecting and flagging errors, providing cautionary indicators for data users. These tools can be used to profile data sets as to a broad diversity of inconsistencies, ranging from nonstandard taxonomic names and coordinates in wrong administrative units. What is more, plant records in speciesLink have been harmonized with the List of Species of the Brazilian Flora (Forzza et al., 2012) , a dynamic online platform that is updated regularly and scrutinized by a massive network of Brazilian plant taxonomists. Hence, species can be recognized and characterized via names that were either synonyms of the 1079 plant species classified as Data Deficient by MMA (2008) or phonetic homonyms that represent likely typographic errors (Table A1) . We obtained records for 842 of the 934 angiosperm species listed as Data Deficient by MMA (2008) , 384 Endangered species, and 24,795 additional angiosperm species for which conservation status has not been assessed.
Completeness of geographic distributional knowledge
We explored a novel extension of inventory completeness statistics (Colwell and Coddington, 1994; Peterson and Slade, 1998) that transposes the matrix of presences and absences of species at sites through time. That is, instead of examining the accumulation of species records at sites, we examined the accumulation of known occurrence sites for each individual species, following the example of Soberón et al. (2000) . We processed initial speciesLink downloads as follows. We created a 'time' marker as the concatenation of year, month, and day (using only records for which day, month, and year were all available). Similarly, we created markers for 'place', in the form of a latitude-longitude combination; here, following lessons learned in our previous analysis (Sousa-Baena et al., in press), we rounded geographic coordinates to the nearest ½°. Finally, we used the binomial scientific name as an identifier for taxon.
In Microsoft Access 2010, we generated tables of unique combinations of taxon, place, and time. For each of (1) Data Deficient species according to MMA (2008) , (2) Endangered species according to MMA (2008) , and (3) all remaining species, we calculated the observed number of ½°grid cells from which the species is known (Lobs), as well as the number of grid cells at which species had been collected once only (a) or twice only (b). From these three numbers, following equations presented by Chao (1987) that allow estimation of numbers of unsampled elements in an inventory, we calculated the expected number of grids cells for each species as Lexp = Lobs + a 2 /2b. L exp is a measure of likely overall range size, given the pattern of accumulation of knowledge of the species' range over time. Finally, we calculated geographic distribution knowledge completeness as C = Lobs/Lexp, following Colwell and Coddington (1994) , Peterson and Slade (1998) , and Soberón et al. (2000) . To assess differences in C between MMA Endangered and Data Deficient species, we used a nonparametric Wilcoxon test, as implemented in Past 1.82b (Hammer et al., 2001 ).
Time since last record
Another criterion that can be used to clarify conservation status is the amount of time that has passed since the last record of a species (IUCN Standards and Petitions Subcommittee, 2011). Knowledge regarding whether specimens of a given species are all old, or whether recent records are available, may be useful in removing species from the Data Deficient category (Good et al., 2006) . Hence, we identified the date of last collection for each species (focusing on records for which day, month, and year information were available), particularly for species with low range knowledge completeness indices (C < 0.8).
Niche modeling to delimit distributions
Species with numbers of records N P 5 and C P 0.8 were considered as likely well-documented and not Data Deficient. However, for the remaining species, which presented either or both of N < 5 and C < 0.8, we used available distributional data to develop a preliminary ecological niche model and model-based distributional estimate. Our aim was to obtain a first-pass assessment of likely quality of models that could be created for a species, based on a simple, default-parameter overview, but also based on years of experience with the technique (Peterson et al., 2011) .
To create these models, we developed a principal component analysis of climates across Brazil, characterized via 19 ''bioclimatic'' environmental variables from Hijmans et al. (2005) ; we retained the 4 principal components that presented eigenvalues of P1, and visualized variation in the first three components as a red-green-blue color space (see Fig. 2 ). We used Maxent on default settings, but with random seed and 5 bootstrapped replicate analyses per species, to generate preliminary niche models-we emphasize that a full, detailed analysis would customize many elements and spend far more time on model development for each species (Peterson et al., 2011) . Our purpose herein, however, was simpler: we sought only an indication as to whether occurrence data available would be at all sufficient (in quantity and quality) for more in-depth informative niche models. Hence, for a random 10% of MMA's Data Deficient species, we inspected models visually, and categorized results as (1) no model possible (i.e., Maxent did not produce a prediction), (2) poor (Maxent output not in any way realistic), (3) good (Maxent output generally logical and consistent, but not precise), or (4) excellent (Maxent output identified a specific set of areas and conditions that likely constitute the species' distribution; Table A2 ). Although somewhat subjective, this classification serves to provide a general idea of model quality and quality of distributional knowledge.
Results
How comprehensive is DAK for Data Deficient species?
Records of Data Deficient plant species were mostly from southern and southeastern Brazil (Fig. 2) . Most of these species were characterized by 5-50 records, with 316 species documented by P50 records (Fig. 3A) ; 148 (15.9%) species had no or single records. Regarding geographic distributions, 425 species (45.5%) were known from 65½°pixels; 207 species were known only from a single pixel (Fig. 3B ). Smaller numbers of species have seen extensive geographic sampling, with 46 known from 20 pixels, 23 from 30 pixels, and 7 from 40 pixels (Fig. 3B) .
Our analysis of range knowledge completeness (C) showed that many Data Deficient species' ranges remain poorly documented, with C 6 0.3, whereas many other species had C = 1 (Fig. 3C ). In the middle, 184 species (17.9%) had 0.35 < C < 0.75 (Fig. 3C) . Comparing completeness of range knowledge of MMA Endangered species with MMA Data Deficient species and plant species with no status, we found similar proportions of species across the C spectrum ( Fig. 3D ; W = 144; P = 0.7368). On the other hand, the major difference between 'no status' species (24,795 spp.) and those of the two status categories was the low proportion of species with C = 1 among 'no status' species (Fig. 3D) . The vast majority of species, either considering only species with C P 0.8 (Fig. 4A) or the entire set of Data Deficient species (Fig. 4B) , had been collected within the last 10 years; specimens of 394 (42.2%) Data Deficient species had been collected in the past 5 years (Fig. 4) .
Completeness of distributional knowledge
In all, 152 Data Deficient (16.3%) species met our criteria for consideration as well-documented, with N P 5 and C P 0.8 (Fig. 5) . For the 690 remaining species, which presented either or both of N < 5 or C < 0.8, geographic distributional knowledge was less clear. We assessed niche model quality for a random selection of 10% of these species (Table A2) : we found that excellent models could be calibrated for 33.3% of species, whereas for 17.4%, no model could be produced for lack of sufficiently rich data (Fig. 6A) . We considered 30.4% of models as poor, and 18.8% as good (Fig. 6B) .
For illustration, the model for Heteropterys conformis W.R. Anderson (Fig. 6B ) was considered poor, because it predicted suitable conditions for occurrence of the species across areas with climatic conditions quite different from those along the Brazilian coast where the species is known to occur. The model for Dyckia rariflora Schult. & Schult. f. appeared to represent the potential distribution of the species reliably and was classified as good (Fig. 6C) . As an example of an excellent model, the model for Bactris pickelli Burret. predicted suitable sites close to known occurrences, in good agreement with knowledge of the distribution of the species (Fig. 6D) .
Discussion
Digital Accessible Knowledge and Brazilian plants
Our analyses were based on a large-scale effort to assemble information resources regarding herbarium-specimen documentation of the Brazilian flora. In line with recent global efforts (Canhos et al., 2004) , Brazilian institutions have mobilized massive information resources, particularly as part of the speciesLink network (CRIA, 2012) . At the time of our analyses (May 2012), the speciesLink network provided access to data from 87 (presently 97) herbarium collections, including 83 from Brazil, plus four major North American and European collections. SpeciesLink also provides access to many zoological and microbiological biodiversity information resources as well.
This network has seen extensive and intensive attention to data quality and data fitness for use, including advanced data-cleaning tools and consistent treatment of taxonomic arrangements (Forzza et al., 2012) . Indeed, an earlier attempt to develop such analyses (Peterson and Canhos, unpublished) failed precisely for lack of fitness for use, as the present tool set was then only incompletely implemented (in 2009); similarly, criticisms have been leveled at other such data networks based on data not being sufficiently 'fit for use' (Yesson et al., 2007) . In this sense, Brazilian biodiversity information resources now present unique and rich opportunities by which to analyze the country's rich biodiversity, but which has heretofore been largely inaccessible or only accessible via laborious and time-consuming manual effort.
Conservation status and data sufficiency
Nine threat categories may be applied to taxa, including seven that are classifications of degree of threat, plus Data Deficient and Not Evaluated (IUCN Standards and Petitions Subcommittee, 2011). Not Evaluated and Data Deficient are not categories of threat. The former indicates only that the species in question has not been evaluated against Red List criteria, whereas the latter indicates taxa that were evaluated, but for which sufficient information appears to be lacking by which to estimate risk of extinction. Taxa in this category may have well-known biology, but insufficient data on their abundance and/or distribution (IUCN Standards and Petitions Subcommittee, 2011) .
Via analysis of completeness of geographic range knowledge, time since last record, and quality of ecological niche models, we suggest that for at least 40.9% of MMA Data Deficient species considerable data and useful information exists (Fig. 7) . This number comprises species that are well-documented distributionally (i.e., exploratory criteria of N P 5 and C P 0.8), plus other species for which excellent niche models could easily be developed, even using very preliminary and cursory modeling approaches (Fig. 7) . Some amount of DAK exists for still more species, but niche models generated for these species were not considered as excellent, at least based on our very preliminary efforts (Fig. 7) . Hence, useful and informative DAK is available for at least 382 species, which corresponds to 40.9% of the angiosperm species presently considered as Data Deficient by MMA (2008; Fig. 7 ). On the other hand, combining 92 species, for which no records were available, with 330 species for which only poor niche models or no models at all could be generated, 422 (45.2%) ''Data Deficient'' species are defensibly lacking sufficient information on which to base decisions (Fig. 7) .
Why so many species on the official Data Deficient list?
The official list published by MMA (2008) came after a much broader list elaborated years previously by Biodiversitas Foundation and collaborators (2005) using IUCN criteria, in which 1495 species were classified according to degree of threat (Critically Endangered, Endangered, Vulnerable; Fig. 1 ). However, in the MMA list, many species were left as Data Deficient, yet the details of which information was missing for each species were not provided by MMA (2008) in listing them as Data Deficient. Of 1079 total species, MMA's ''Data Deficient'' list includes 1054 species that were under threat according to Biodiversitas/IUCN (Fig. 1) : 178 Critically Endangered, 209 Endangered, and 667 Vulnerable species ( Fig. 1; Biodiversitas Foundation, 2005) . Only two species are considered Data Deficient by both lists. The Data Deficient category of the Biodiversitas/IUCN summary, which included 2513 species out of a much-larger set of species considered (Biodiversitas Foundation, 2005) , unfortunately, is not published or available online, and to our knowledge was not considered in the development of the MMA ''official'' lists.
To assign a conservation status designation to a given species, experts consider the entire spectrum of background knowledge and research about the species. Government decision-makers, however, may wish for greater certainty in such decisions, since, for every species added to the list of threatened species, they must create new policies and action plans towards its conservation (Scarano and Martinelli, 2010) . Hence, it seems that a miscommunication occurred between scientists and decision-makers in Brazil, which in turn translates into disconnects in biodiversity conservation (Scarano and Martinelli, 2010) . IUCN Red List criteria have become clearer and more objective over the years (Mace et al., 2008) , but room still exists for subjective decisions in assigning conservation status. In fact, subjectivity and inconsistent use of IUCN criteria in national lists has already caused conflicts between global and regional lists, with the same species having been assigned different status ratings at different geographic extents (Brito et al., 2010) .
IUCN recommends use of whatever data are available, highlighting that decisions between Data Deficient versus some threat status must be made carefully. In general, if the distribution of the poorlyknown taxon in question is potentially restricted and if considerable time has passed since the last record, threatened status may well be justified. Indeed, sweeping, indiscriminate use of Data Deficient as a category is discouraged (IUCN Standards and Petitions Subcommittee, 2011). Put another way, when information about taxa is genuinely lacking, Data Deficient species could be accorded the same degree of protection as threatened taxa (IUCN Standards and Petitions Subcommittee, 2011). Assignment of Data Deficient status should be accompanied by available supporting information, such as information regarding the condition of and threats to the habitats of the species (Butchart and Bird, 2010) .
None of these suggestions appears to have been followed by MMA, and criteria used by MMA in deciding that particular species were Data Deficient were not disclosed. Because lack of knowledge of geographic distributions is one of the criteria for Data Deficient status, we expected to find more species with low C-values among Data Deficient species than among threatened species. Rather, we found similar distributions of C values among these two groups (Fig. 3D) . In addition, although another criterion for Data Deficient status is time since the last collection, we found that 76.4% of MMA Data Deficient species have been collected within the last 20 years. Hence, in the metrics available to us, we find little evidence that species classified by MMA as Data Deficient are indeed less wellknown than species that were accorded some threat category.
MMA indicated a requirement for specific action plans for each ''official'' Brazilian Endangered species. Specific action plans have been developed for 43 animal taxa by an environmental agency of the Brazilian government (Instituto Chico Mendes de Conservação da Biodiversidade, 2012), but the only plant groups currently with national action plans are species in the families Cactaceae and Eriocaulaceae (Silva et al., 2011; Instituto Chico Mendes de Conservação da Biodiversidade, 2011) . Hence, conservation plans have not been developed even for most Endangered plant species.
Conclusions
Considering the huge numbers of species yet to be discovered and rapid potential rates of extinction even before formal scientific description (Costello et al., 2013) , calls have been made for conventional academic paths to be reconsidered (Maddison et al., 2012) . The situation is particularly critical in tropical countries, owing to more rapid rates of habitat destruction and possibly more vulnerable species (Vamosi and Vamosi, 2008) . Although data from museum specimens have long proven key in assessing conservation status (Crandall et al., 2009) , DAK derived from specimen data and now easily accessible can facilitate rapid assessments (van den Eynden et al., 2008) .
Here, we have analyzed a case in which conservation status assignments by different actors with different priorities and different data sources ended in confusion (see parallel example in Pino del Carpio et al., 2011) , which nonetheless affected the Official List of Brazilian Threatened Flora. Our analyses of DAK showed that for 40.9% of Data Deficient species (species with excellent models plus well-documented species with N P 5 and C P 0.8), data are sufficient to define geographic distributions in detail (Fig. 7) . Even for plants for which occurrence data were sparse (14% of species), records are frequently sufficient to generate reliable niche models. Although range descriptions are certainly not the only consideration in status assessments (IUCN Standards and Petitions Subcommittee, 2011) , they are a critical starting point; combined with information on recency of records, this information may frequently be enough to avoid the Data Deficient designation.
A recent study focused on Brazilian Combretaceae used data from the literature and herbarium records, and reassessed conservation status of 11 species (Borges et al., 2012) . This assessment did not agree completely with either the Biodiversitas/IUCN list or the MMA list. In addition, the authors concluded that 71% of species classified by MMA as Data Deficient were not actually lacking in sufficient data, and should rather be placed in different threat categories. Borges et al. (2012) emphasized that such category shifts would be a consequence of information access, rather than real changes in extinction risk.
In sum, we have explored the meaning of ''Data Deficient'' as applied to Brazilian plant species. Clearly, this label is complicated, since it is a function of many variables: detectability, gaps in taxonomic knowledge, unknown geographic distributions, vague existing information (e.g., on specimen labels), and the intensity of old collections (Golding, 2004; Callmander et al., 2005; Lõhmus, 2009; Butchart and Bird, 2010) . In Brazil, however, we have documented large numbers of plant species currently indicated as Data Deficient, but for which large amounts of information is availablewhile this information may or may not be sufficient to move the species to an official threat category (or to a no-threat status, in some cases), it clearly suggests that better use could be made of the DAK that exists and is readily available. Here, scientists have made massive data streams available, and yet the science-to-policy conduit appears to be broken. A detailed discussion of this disconnect and how it can be reconnected would be beneficial to all involved, and particularly to the plant species.
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Species
Model quality 
Byrsonima cipoensis
Excellent Odontocarya vitis Excellent Vriesea bituminosa Excellent Vriesea diamantinensis Excellent Vanhouttea leonii Excellent Encholirium heloisae Excellent Jacaranda ulei Excellent Vriesea sucrei Excellent Dyckia rariflora Excellent Bernardia similis Excellent Alophia coerulea Excellent Marsdenia queirozii Excellent Encholirium horridum Excellent Alstroemeria amabilis Excellent Mitracarpus anthospermoides Excellent Hemipogon hatschbachii Excellent Encholirium irwinii Excellent Hoffmannseggella ghillanyi Excellent Baccharis pseudoalpestris Excellent Mikania capricorni Excellent Piper
